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Abstract. [Purpose] This study aims to investigate the effects of exercise using an ergometer with swaying saddle
on chronic lower back pain. [Subjects and Methods] Thirty-three normal adults (university students) with chronic
lower back pain were randomly recruited. The flexibility and strength of muscles were measured before and after an
8-week intervention. Belly-bike, an ergometer with a swaying saddle, was used. The duration of intervention was
30 minutes a day, 3 times a week. To measure the level of pain, visual analogue scale (VAS) and Korean Oswestry
Disability Index were used. In addition, flexibility tests such as straight leg raising and forward reaching test in the
long sitting posture were used to confirm back muscle shortness. Activations of the erector spinae muscle, gluteus
medius muscle, rectus femoris muscle, and vastus lateralis muscle were also measured by electromyography before
and after the intervention. Electromyography of muscles around the pelvis was performed and functional tests were
conducted. [Results] The flexibility and strength of the muscles significantly increased post-intervention. Func-
tional test scores for the forward reaching test and straight leg raising test significantly improved in the Belly-bike
group. [Conclusion] The results show that exercise using the Belly-bike could be effective in reducing lower back
pain.
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INTRODUCTION

Lower back pain is the most common disease in the modern society. It is diagnosed as chronic pain when the pain lasts
for more than 12 weeks!.

There is a consistent relationship between chronic lower back pain and other complications. People with lower back pain
have a higher psychologically stress level than those without? 3.

Many studies have reported that lower back pain is secondary to problems of related to muscles®). According to Janda’s
lower crossed syndrome (LCS), the crossed couple of force causes pelvic problems between the trunk and lower limbs. In
addition, abnormalities of muscles such as pelvic flexors, knee extensor, and abdominal extensor could occur in the posterior
tilt of pelvis®). The muscle involved iliopsoas muscle, rectus femoris muscle, hamstrings muscle, erector spinae muscle,
rectus abdominis muscle, transversus abdominis muscle, obliques muscle, gluteus medius muscle, vastus lateralis muscle
and vastus medialis muscle.

Weak muscle endurance of the abdominal extensor is strongly related to chronic lower back pain. In particular, multifidus,
the core muscle, has an attachment point on the segmental unit of the lumbar vertebrae, which prevents pain by providing
stability of the segments® 7). Furthermore, Nadler reported that the gluteus muscle becomes weak in patients with lower
back pain or impaired lower limb; this weakness can cause inactivation of the pelvic flexors, rectus femoris, and hamstring
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Table 1. General characteristics in groups

Belly-bike group

Gender (M/F) 11/12
Age (years) 779+6.3
Height (cm) 156.5+3.4
Weight (kg) 55.0+7.1
Mean + SD

Fig. 1. Belly-bike
(1) Side view (2) Back view (3) Back view
(1) Overall appearance, (2) Left side swaying, (3) Right side swaying

muscles, resulting in dynamic problems. As a result, weakness of gluteus muscles could necessitate treatment of lower back
pain®10),

A functional decrease such as weakness of muscles and ligaments around the spine occurs due to the lack of exercise,
which is the main risk factor for lower back pain. Muscle weakness causes functional disorder or pain, leading to disruption
in activities of daily living and occupational activities. Furthermore, it can cause abnormal posture, resulting in anxiety
symptoms and recurring pain’> 1.

However, the risk of impairments can be reduced by core exercise and stretching exercise involving the hamstring and
flexor muscles around the hip. Similarly, the purpose of exercises for lower back pain is to increase muscle strength, muscle
endurance, and flexibility!? 13,

In general, many interventions have been used such as fitness training, yoga, and belly dancing to increase back muscle
strength. Belly dancing has been reported to improve the muscles around the spine and pelvis and help in the correction
of abnormal posture, especially among other interventions'# 1%. Although many studies have reported that belly dancing
has positive effects on functions of the back muscles, there are many controversial opinions. Furthermore, many therapists
believe that belly dancing is not affordable when compared with other exercises, because of the associated high cost and
time'> 19, For this reason, Belly-bike—an ergometer equipped with a swaying saddle and offers the belly dance function—
was developed in Korea so that many people could easily perform belly dance and ergometer at the same time. Belly-bike is
believed to provide the effects of belly dance and health ergometer and should be affordable for most people who have lower
back pain.

Thus, the purpose of this study was to investigate the effect of Belly-bike for muscle strengthening and eliminating lower
back pain.

SUBJECTS AND METHODS

Thirty-three university students with chronic lower back pain were randomly recruited in this study. The exclusion criteria
were as follows: 1) other orthopedic diseases, 2) impairments in vision or visual deficit, and 3) psychological or cognition
problems. The inclusion criteria were as follows: 1) 5 score more from KODI (Korean Oswestry Disability Index), 2) back
pain for more than 3 months at the time of pre test. All subjects understood the purpose of this study and provided written
informed consent before study participation in accordance with the ethical principles of the Declaration of Helsinki. This
study was a single experiment without a control group. General characteristics of all participants in the group are shown in
Table 1.

Belly-bike (Belly Bike Ltd., South Korea) was used for belly-dance intervention. This Belly-bike provides saddle swaying
to subjects by pedaling power, with a swaying distance between left and right side of 015 cm (Fig. 1).

The Belly-bike group performed the intervention using the Belly-bike for 8 weeks, 30 minutes a day, 3 times a week.
Some measurements were performed right before and after the total 8-week intervention. To measure the level of pain, visual
analogue scale (VAS) and Korean Oswestry Disability Index (KODI) were used. In addition, flexibility tests such as straight
leg raising test and forward reaching test in the long sitting posture were used to confirm back muscle shortness.

Activations of erector spinae, gluteus medius, rectus femoris, and vastus lateralis were also measured using EMG MP30
(BIOPAC System Inc., CA, USA) before and after the intervention. BSL3.7.3 (Biopbi System, USA) software was used for
data storage by filtering with notch filtering at 60 Hz over the phase of 30-500 Hz for noise elimination. A distance of 2 cm
was maintained between two electrodes to compare the potential difference. Muscle activation was expressed as %RVC
(Reference Voluntary Contraction). Reference voluntary contraction showed moderate reliable method for patients who are
unable to produce the maximal voluntary contraction and repeated tests.

Statistical Package for Social Sciences (SPSS) ver. 20.0 for Windows was used in this study to analyze the results.
Shapiro-Wilk test was used to test data normality. For data with normality, a paired t-test was used to compare the differences
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Table 2. The level of pain and flexibility in Belly-bike Table 3. The changes of muscle activations in 4 muscles

Variable Pre-test Post-test Variable Pre-test Post-test

VAS 5.33+£2.13 0.73 + 1.05° ES (%RVC) 5.08 £2.64 14.63 +27.71
KODI 5.57+4.33 1.00 £ 2.102 RF (%RVC) 2.94 +3.00 10.95 +10.292
FRT 9.38 +£10.45 13.15+£9.832 GM (%RVC) 8.59 £+ 10.17 14.63 +13.93
SLRT 69.43 +17.10 94.73 £ 15.42° VL (%RVC) 4.20+3.19 12.61 £12.482
*p<0.05, Mean + SD, VAS: Visual Analogue Scale; KODI: *p<0.05, Mean + SD, ES: erector spine; RF: rectus femoris;
Korean oswestry Disability Index; FRT: Forward reaching GM: glutius medius; VL: vastus lateralis; RVC: reference vol-
test; SLRT: Straight Leg Raising Test. Significant differ- untary contraction, *Significant difference between pre- and
ence between pre- and post-intervention values post-intervention values

between before and after intervention in the belly bike group.
All data were analyzed using SPSS ver. 18.0 for Windows, and a=0.05 was used as the level of significance.

RESULTS

The VAS score was significantly decreased after the intervention in the Belly-bike group (p<0.05). In addition, the Belly-
bike group showed a statistically significant decrease in the KODI score (p<0.05; Table 2). The result of forward reaching
test was significantly different after the intervention in the Belly-bike group (p<0.05). A significant improvement in straight
leg raising test was observed in the Belly-bike group (p<0.05; Table 2). Some increases in muscle activations were noted in
the erector spinae and gluteus medius, but the difference was not statistically significant. Muscle activations of rectus femoris
and vastus lateralis were significantly increased after the intervention in the Belly-bike group (p<0.05; Table 3).

DISCUSSION

This study investigated the effects of exercise using an ergometer with a swaying saddle, which is called Belly-bike, on
lower back pain. For assessment, we used the VAS score and KODI for the level of pain, straight leg raising and forward
reaching tests for muscle flexibility, and EMG for muscle activation.

Regarding muscle flexibility, there were significant improvements in the Belly-bike group after the intervention, and these
can be attributed to the belly dance function of the Belly-bike. A previous study reported that belly dance could improve
the diverse functions of muscle. Srhoj reported that belly dance performance improved muscle flexibility and integrated
coordination!?). The vibration and sway movement during belly dance changed muscle coordination, leading to correction
of muscle imbalance. Our study finding is in line with that of Srhoj’s study results. Furthermore, it is reported that acrobic
exercises like belly dance and cycle exercises could improve muscle strength, endurance, and flexibility'¥. Increased muscle
strength and length would correct muscle imbalance, resulting in improved flexibility.

In EMG measurements, statistically significant changes were noted in two muscles—rectus femoris and vastus lateralis—
but not in the erector spinae and gluteus medius. Previous studies reported that the weakness of pelvic flexors could cause
weakness of the back muscles such as erector spinae, resulting in muscle imbalance around the pelvis'?. Janda reported that
this imbalance could cause lower back pain; he added that once flexor muscles are improved, muscle imbalance would be
corrected and lower back pain would be relieved. To increase muscle strength in flexors, strengthening exercise and aerobic
exercise such as squad, sit-to-stand, walking, and cycle exercise are mainly recommended these days. Among them, cycle
exercise is believed to have effects of strengthening and aerobic training at the same time. Many previous studies reported
that cycle exercise provides repetitive and intermittent resistance, which is effective in increasing muscle strength. The results
of this study are in line with those studies.

The scores of VAS and KODI were significantly decreased in the Belly-bike group after the intervention. It is reported
in many previous studies that lower back pain occurs because of abnormal muscle balance around the pelvis and abdomen.
Indeed, every subject in this study who suffered from lower back pain had imbalance between back muscles and lower
extremity muscles. After the intervention with the Belly-bike, activation of the rectus femoris and flexibility of the hamstring
muscles were increased. This possibly corrected the muscle imbalance around the pelvis, resulting in pain relief.

There are some limitations in this study. First, follow-up tests were not conducted, and second, all subjects were university
students, not varying in age. For these reasons, the results of this study may not be generalized. Therefore, more studies with
a design compensating for these limitations are needed in the future.

The results of this study showed that exercise using Belly-bike could be effective in reducing lower back pain. Many
clinicians try to provide their patients with more affordable and easy ways to reduce pain. Based on this study’s findings, it
is believed that Belly-bike is a potential effective approach for the treatment of patients with lower back pain, as it increases
muscle strength and flexibility and corrects muscle imbalance. Although the effect of findings is controversial among re-
searchers, this study and further studies may deliver the evidence for this approach to be accepted in the clinical field and
home environment.
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